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Abbreviation
Trx variant [a] Sequence identity to ecTrx (%) Age (years) [b] LGPCA 11606.3 11606.5 11735.5 11737.5 >50%
[a] The percentage of N-terminal Met (Met1) cleavage for the variants AECA, LPBCA, LAFCA and LECA was calculated from the ratio of the peak areas after reversed-phase HPLC separation of the protein with and without Met (Figure 2 and Figure S2 ), where the cleaved Trx form always eluted earlier than the more hydrophobic, non-cleaved form. For all other Trx variants, the fraction of methionine cleavage was calculated from the ratio of the relative peak intensities in the ESI mass spectra shown in Figure S3 . [b] hTrx was purified under reducing conditions. (kJ mol -1 ) [a] To avoid errors of G 0 extrapolation over a wide range of denaturant concentrations to zero denaturant, the stability difference between the oxidized and reduced form of each Trx variant (G 0 ox/red) was calculated at the GdmCl concentration corresponding to the mean value of the transition midpoints (D1/2) of the oxidized and reduced form. G 0 ox/red is defined such that G 0 ox/red is positive when the oxidized form is more stable than the reduced form. Indicated errors correspond to errors obtained from the fits according to the two-state model of protein folding.
(b) Comparison between thermal stability and free energy of folding at pH 7.0 and 25°C of the ancestral Trx variants
Stability parameter Order of Stability
Thermal stability (Tm), oxidized Trx variants [a] ecTrx < LAFCA < LECA < LGPCA < LBCA, AECA, LACA < LPBCA Δ (25°C) oxidized Trx variants [b] ecTrx < LECA < LAFCA, AECA, LACA <LGPCA < LBCA < LPBCA [a] Melting temperatures at pH 7.0 recorded in the absence of reducing agents 2 .
[b] This work, data from Table S3A . Table S4 . Figure 5A ; [b] From Figure 6A ; [c] From Figure 7 ; [d] From Table 3 ; [e] From 3 Figure S1 : Structure-based sequence alignment of ecTrx with ancestral thioredoxins and hTrx using ESPript 3 4 . Residues are numbered according to ecTrx, and the sequences are sorted according to sequence identity with ecTrx (sequence identity is provided as percentage next to the variant name). The active site cysteines (C32 and C35) are marked by arrows. Fully conserved residues are in white on a red background. If the similarity score, according to physico-chemical properties, is above the threshold of 0.7, the column is framed in blue and the amino acids colored in red. Stars above the corresponding column indicate alternative conformations of the corresponding residue. Figure S2 . Redox equilibria between ecTrx and the individual ancestral thioredoxins at pH 7.0 and 25°C. Reduced ecTrx was mixed with the indicated molar equivalents of the oxidized form of the respective ancestral Trx variant. For each ancestral Trx variant, three different mixing ratios were used to determine the equilibrium constant (Keq) of reduction by ecTrx. The reactions were quenched with acid, all redox forms were separated by reversed-phase HPLC, and peak areas were converted to concentrations, from which redox equilibrium constants (Keq) were calculated (see Eq.1, Materials and Methods section). Keq values were found to be independent of the mixing ratio between reduced ecTrx and oxidized ancestral Trx, showing that the redox equilibria were attained. The double peaks observed for both redox forms of the Trx variants AECA, LPBCA, LAFCA and LECA result from incomplete intracellular cleavage of the N-terminal methionine during expression of these variants (see Figure S3 and Table  S2 ).
Comparison of the ancestral thioredoxins in their ability to replace ecTrx as a catalyst of NADPH-dependent reduction of S-MetO in the presence of E. coli TrxR and E. coli MsrA in vitro and in vivo
Figures
Figure S3
: ESI mass spectra of purified, ancestral thioredoxins (oxidized forms), showing that most ancestral thioredoxins were obtained as a mixture of the protein with and without the N-terminal methionine. Figure S4 . Correlation between the rate constants of DTNB reduction (kDNTB) and the specific insulin reductase activities of ancestral thioredoxins relative to ecTrx (see Table 2A ) (a), and correlation between the sequence identity of the ancestral thioredoxins with ecTrx and their specific activity as catalysts of NADPH-dependent reduction of S-MetO in the presence of E. coli TrxR and E. coli MsrA (b). In each panel, the solid lines correspond to a global fit according to a consecutive mechanism, with a second-order reaction (rate constant k1) of mixed disulfide formation followed by a first-order decay (k2) of the mixed disulfide intermediate to reduced MsrA and oxidized Trx. The deduced rate constants k1 and k2 are provided in Table 2b for all Trx variants.
